ߜ The impact of warning leaks on management results in patients with aneurysmal subarachnoid hemorrhage (SAH) was evaluated in this prospective study. In a consecutive series of 422 patients with aneurysmal SAH, 84 patients (19.9%) had an episode suggesting a warning leak; 34 (40.5%) of these patients were seen by a physician without the condition being recognized. The warning leak occurred less than 2 weeks before a major SAH in 75% of the patients.
A good outcome was experienced by 53.6% of patients who had a warning leak versus 63.3% of those who had no warning leak. In a subgroup of patients who had an interval of 3 days or less from warning leak to SAH, only 36.4% had a good outcome.
The proportion of patients in good neurological condition (Hunt and Hess Grades I and II) who had a good outcome was 88.1% in the group with no warning leak versus 53.6% in the group whose SAH was preceded by a warning leak. A difference of 35% between these two groups reflects the impact of an undiagnosed warning leak on patient outcome, based on the assumption that patients with a warning leak had clinical conditions no worse than Hunt and Hess Grade II at the time of the episode. In the subgroup of patients with the short interval between warning leak and SAH, the difference was almost 52%. The difference in outcome also reflects the potential improvement in outcome that can be achieved by a correct diagnosis of the warning leak. If the correct diagnosis is made in patients seeking medical attention due to a warning leak, favorable outcomes in the overall management of aneurysmal SAH are estimated to increase by 2.8%.
An active diagnostic attitude toward patients experiencing a sudden and severe headache is warranted as it offers a means of improving overall outcome in patients with SAH.
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Patients and their families were interviewed to determine if a warning leak had taken place. An episode of an unusually severe and sudden headache that had subsided before the major SAH occurred was considered to represent a warning leak. The interval between the warning leak and the SAH and any medical attention that had been sought were recorded.
All cases were managed according to a policy that included immediate referral, surgery as early as logistically possible, and antiischemic treatment using a course of nimodipine supplemented by hypertension/hypervolemia/ hemodilution therapy when needed. 26 Outcome was assessed at a clinical follow-up examination 6 months after discharge from the neurosurgical unit. Absence of neurological deficits, except for a single cranial nerve palsy, was considered to be a good outcome. Disability was defined as neurological deficit of any degree.
Statistical Analysis
A comparison of study variables between patients with a warning leak and those without a warning leak was made using the two-sided chi-square test or Fisher's exact test. A probability value of less than 0.05 was considered significant.
Results
An episode consistent with a warning leak was documented in 84 (19.9%) of the 422 patients admitted with an aneurysmal SAH. The mean interval from the warning leak to SAH was 11 days. Sixty-three patients (75%) experienced their warning leak less than 2 weeks before the major rupture (Table 1) . Thirty-four patients (40.5%) were seen by a physician, but in no case was the correct diagnosis made. Computerized tomography scanning was performed in three of these patients without detection of subarachnoid blood. None of the patients seeking medical attention underwent a lumbar puncture.
Patients with a warning leak and those without had similar distributions of age and sex. There was no statistically significant difference between the groups with respect to Hunt and Hess clinical grade on admission, amount of subarachnoid blood on a CT scan, or location of the ruptured aneurysm (Table 2) .
Warning Leak and Patient Outcome
Forty-five patients (53.6%) with a warning leak were rated as having a good outcome at follow-up examination compared to 214 patients (63.3%) whose SAH was not preceded by a warning leak (Table 3) . A statistically significant difference in the rate of good outcome was found when a subgroup of patients with an interval of 3 days or less from warning leak to SAH was compared with the group of patients who had no warning leak: only 36.4% of the patients with a short interval between symptoms made a good recovery (Table 4 ) versus 63.3% of the patients with no warning leak. When the interval from warning leak to SAH exceeded 3 days, the rate of patients having a good outcome was similar to the rate of patients without a warning leak.
The principal causes of death and disability did not differ significantly between the group with a warning leak and the group without a warning leak ( Table 5) .
The impact of a missed warning leak on outcome from aneurysm rupture was estimated by comparing the outcome of the subgroup of patients in good clinical condition (Hunt and Hess Grades I and II) who had no history of a warning leak with the overall outcome of patients with an SAH preceded by a warning leak. It can be assumed that the majority of patients who had a warning leak were not worse than Hunt and Hess Grade I or II when they suffered the warning leak. Consequently, these patients can be compared in that respect to patients with SAH in a good clinical grade. As expected, the proportion of patients with a good outcome was greater in the group of good-grade cases without a warning leak compared to the group with SAH preceded by a warning leak, 88.1% versus 53.6% (p Ͻ 0.001) ( Table 3) . * ACA = anterior cerebral artery; ACoA = anterior communicating artery; BA = basilar artery; CT = computerized tomography; ICA = internal carotid artery; MCA = middle cerebral artery; VA = vertebral artery.
† Grading according to the Hunt and Hess classification.
Discussion
The reported incidence of warning signs in SAH patients ranges from 13.5% to 60%. 2, 5, 6, 12, 14, 16, 21, 24, 28, 30, [32] [33] [34] [35] Papers in which high rates are reported include, in addition to headache, less specific symptoms such as purely somatic symptoms and transient neurological dysfunction without headache as a premonition of the SAH. 21, 34 In the present study we focused on patients with a history of having experienced a generalized or localized headache with an acute onset. Headaches of this kind preceded the SAH in 19.9% of our patients.
The true incidence of a warning leak in patients with SAH is difficult to establish because of the inability to obtain complete information on those patients in poor clinical condition and those who die before reaching a hospital (17% of all patients with SAH according to Ljunggren, et al. 18 ). Thus the observed rate of 19.9% should be considered as the minimum incidence of a warning leak in our patient population.
Impact of a Warning Leak on Outcome
Patients having a warning leak before an aneurysmal SAH had a worse overall outcome than those without a warning leak, even though the difference in outcome was not statistically significant. The adverse prognostic effects of the warning leak reported by other authors 12, 16, 32, 34 are confirmed by our study. However, in a study by Juvela, 14 the presence of a warning leak was found to have no impact on outcome or on the occurrence of complications after the major rupture. Okawara 21 even found a lower morbidity and mortality rate for a group of patients with SAH preceded by warning signs than for a group without such signs. The present finding of particularly unfavorable outcomes when the interval from the warning leak to the SAH is short may explain such contradicting conclusions concerning the effect of the warning leak on outcome. The warning leak may appear as a relatively benign phenomenon if the proportion of patients with a short interval happens to be small in a series.
Whether all premonitory symptoms in SAH patients necessarily represent bleeding into the subarachnoid space is not clear. Minor bleeding into the wall of the aneurysm, 1,21 compression of neural structures or the dura caused by the aneurysm or aneurysm expansion per se, 21 and ischemia due to localized vasospasm 21, 22 have been suggested as possible causes of headache episodes that precede an SAH.
However, it is likely that the warning episode most commonly represents minor bleeding from the aneurysm, which would account for the adverse effect on outcome seen in patients with a warning leak. The presence of blood in the subarachnoid space may diminish the tolerance of a brain to a subsequent SAH by impeding spatial compensation in response to an abrupt increase in intracranial pressure caused by a major SAH. In this case the SAH becomes a more serious insult than would otherwise be the case. Steiner and coworkers 29 have demonstrated such a mechanism in repeated experimental SAH. Clearance of subarachnoid blood over time may explain the comparably better prognosis that is found when the interval between the warning leak and the SAH exceeds 3 days than when it is less than 3 days.
The hypothesis suggested by Ostergaard, 22 that the adverse prognostic effect of a warning leak is due to vasospasm, is contradicted by the present findings. Cerebral vasospasm has its peak incidence approximately 6 to 8 days after SAH occurs, 9 whereas the maximum impact of a warning leak on patient outcome occurs when the onset of SAH is within 3 days of the warning leak.
Diagnosis of a Warning Leak
Warning leaks are often incorrectly diagnosed. 5, 16, 19, 32 J. Neurosurg. / Volume 85 / December, 1996 Warning leak in aneurysmal subarachnoid hemorrhage 997 This was the case in 34 of our patients who sought medical attention with symptoms of a warning leak. A correct diagnosis would lead to a significant improvement in outcome among these patients. An increase in good outcome of approximately 35% can be anticipated if a correct diagnosis is made and a devastating major SAH is prevented by surgical repair of the aneurysm after the warning leak is detected. In that subgroup of patients who have a short interval between the warning leak and the SAH, the increase in the rate of good outcome could be as much as 52%. The need for diagnostic evaluation, without undue delay, of patients presenting with acute headache is obvious; the need for expediency is underscored by the high proportion of patients who have an unfavorable outcome when the SAH occurs shortly after the warning leak.
Those patients who had symptoms of a warning leak and a negative CT scan were incompletely evaluated inasmuch as a lumbar puncture had not been performed. Minor subarachnoid bleeding might have been detected by an examination of cerebrospinal fluid. In consideration of possible nonhemorrhagic causes of a warning headache and provided that the index of suspicion is sufficiently high in the individual case, contrast-enhanced CT, magnetic resonance (MR) angiography, and cerebral angiography are diagnostic options that should be considered. In this context MR angiography holds promise as a valuable noninvasive diagnostic technique because aneurysms as small as 3 to 4 mm can be detected in the absence of subarachnoid blood. 25 Educating physicians involved in neurological emergencies to establish adequate diagnostic evaluation of all patients presenting with sudden headache seems, at present, to be a viable option to improve the overall outcome in aneurysmal SAH.
Based on our data, we can estimate the impact on overall outcome after aneurysmal SAH if correct diagnoses were made in all patients with warning leaks who were seen by a physician. If the 40.5% of patients with a warning leak who seek medical attention is correctly diagnosed and managed with a good outcome in 88.1% of the cases, the percentage of favorable outcomes in the overall management of aneurysmal SAH will increase by 2.8%. In the United States, where approximately 28,000 people each year suffer aneurysmal SAH, 31 death or disability potentially would be avoidable in another 785 patients. There are obvious economic implications of the diagnostic procedures necessary to detect a warning leak in these patients. Pickard, et al., 23 however, concluded from an analysis of cost effectiveness of neurosurgical procedures that all investigations and neurosurgical interventions that avert disability from SAH have a highly favorable costbenefit ratio.
To determine a warning leak the diagnostic evaluation must include both CT scanning and cerebrospinal fluid examination, as CT alone is unreliable for detecting minor bleeding. 15 All patients presenting at the primary care level with thunder clap headache during a 1-year period were evaluated accordingly in a community study from Linköping, Sweden. In this study the diagnostic yield was high, insofar as the headache was SAH-related in 20% of the patients (unpublished data).
It appears that further improvements in outcome may be achieved by aggressive screening using MR imaging to detect unruptured aneurysms. 20 
Conclusions
Recognition of a warning leak and the immediate clipping of the related aneurysm should prevent a subsequent major rupture and, hence, improve outcome in a significant number of patients at risk. Patients with SAH who have a misdiagnosed warning leak fare worse than those who have no warning leak, especially when the SAH occurs soon after the leak.
In light of the fact that approximately 40% of the patients with warning episodes reviewed were misdiagnosed by physicians, we believe that educational efforts undertaken at the primary care level toward awareness of the gravity of SAH and the importance of prodromes seem warranted. An improvement in the rate of good outcome by 2.8% in the total management of aneurysmal SAH is attainable.
